Increase bombing activities in recent years have raised much awareness amongst forensic scientists of the importance of post-blast investigation. Analysis of post blast bomb residues is useful in identification of explosives and establishing link to its origin. The use of pyrotechnic in homemade explosives has emerged as a new threat to society. In this study, pre and post-blast inorganic anions from pyrotechnic residues were analyzed using ion chromatography with conductivity detection. Inorganic anions were separated using Metrosep A SUPP 5 anion column with NaHCO3 -Na2CO3 eluent. Eight anions (fluoride, chloride, nitrite, chlorate, nitrate, phosphate, sulfate and thiocyanate) were successfully separated within 40 min. Good linearity of calibration graph and LOD ranged from 4.8 to 21.0 ppb were achieved. Chemical anionic constituents of the fireworks were found to differ from each other. However, they were found to be common in nitrate and chlorate as oxidizer. Ratio of oxidizer was also found to be much higher than other anions. Post-blast samples showed drastic reduction in oxidizer concentration.
1.0 INTRODUCTION
Pyrotechnics mixed explosives are often used in making homemade explosives. It emerges as a potential threat to public security as pyrotechnics such as fireworks can be easily purchased either legally or illegally. In recent years, improvised explosives mixed with pyrotechnics have been used by terrorists to increase the damage of explosion. Increasing cases involving pyrotechnic mixed homemade explosives in international 1 and local 2 media have raised the awareness of law enforcers to study pyrotechnic components in depth.
Pyrotechnic material can be defined as a mixture of chemical elements and compounds of a self-contained and self-sustained exothermic chemical reaction, for the production of light, heat, gas, smoke or sound 3, 4 . Pyrotechnics are generally composed of finely powdered fuels and oxidizers together with other additives depending on the requirement. Energy generated during reaction is then used to produce a glow (matchstick), or smoke and light (fireworks), or large quantities of gas (fireworks rockets). Pyrotechnic compositions are also used in heat-generating devices, delay and igniter compositions as well 5 .
There are two special features of pyrotechnics: firstly, pyrotechnic compositions are mixture of different chemicals, mostly inorganic chemicals. These compositions only burn when ignited and do not detonate. However, some compositions can be detonated under confined environment or initiated by over stimulus. Secondly, pyrotechnics are used to produce special effects which cannot be found in explosives and propellants. These special effects are classified base on their nature and applied for different purposes 6 . The earliest pyrotechnic fuels are charcoal and sulfur. Nowadays, there are variety choices of fuels ranging from metallic to non-metallic elements and binary compounds to carbonaceous materials. Examples of metal elements are: aluminum, chromium, iron, magnesium, titanium, tungsten, and zirconium. While the non-metals include: boron, carbon, silicon, sulfur, and phosphorus. Magnesium (Mg) and aluminum (Al) are the most frequently used elements to produce light and heat in pyrotechnics. Magnesium produces intense white light when burning and thus it is used as fuel for most illuminating and tracers formulation. Mixture with aluminum is more stable than Mg and has better storage life. Al is the main ingredient for photoflash and thermite formulations. Titanium has also been used in formulations for first fires, igniters and heat sources 5 . The oxidizer provides oxygen for reaction. Oxidizer is usually metallic and some non-metallic oxides, oxygenated salts and some halides. Examples of oxidizers are chlorates, peroxides, perchlorates, chromates and nitrates. The common oxidizers for pyrotechnics are sodium and potassium nitrate. Barium and strontium peroxides are used as well but to a lesser extent. Different oxidizers will give different colors of light during decomposition 5 . Other additives such as coolants, retardants, dyes and color intensifiers and moderators are added as well. Coolants are used to decrease the temperature during burning of compositions. Examples are carbonates of magnesium, sodium and other metals. Retardants are used to retard the rates of burning in pyrotechnics. Examples are organic salts such as oxalates, formats, citrates and calcium carbonate as well. Dyes and color intensifiers are used to produce color in smoke and light. Moderators are used to modify the color of the flame or to improve the smoothness and efficiency of combustion 5 . Inorganic explosives are widely encountered in improvised homemade explosives. Common inorganic explosives include propellant such as black powder, pyrotechnic mixtures, and improvised compositions. Often anions such as nitrate, chlorate, perchlorate, sulfate, thiosulfate and thiocyanate can be detected in post-blast residue which mainly comes from oxidizer and reaction products of explosives 7 . Ion chromatography (IC) is widely used in the identification and detection of inorganic ions because of its high sensitivity and selectivity. A wide range of ions can be detected by using different types of column and eluent. Capillary electrophoresis (CE) has been used as a complementary technique for peak confirmation in IC [8] [9] [10] . A more recent study on ion chromatographic analysis of homemade inorganic explosives post-blast residues was done by Johns et al. 11 . The cations and anions produced from the detonations of inorganic homemade explosives were identified and separated. IC with two Dionex ICS-2000 systems coupled together allowed anions and cations from the same sample to be analyzed simultaneously.
Pyrotechnic composition is often used in homemade explosives. The lack of an explosive database causes great difficulties to the Royal Malaysia Police (RMP) when investigating explosion cases in order to link the explosives to its origin. This study was therefore aimed to assist RMP in postblast investigation. The objective of this study was to determine the inorganic anions present in post-blast pyrotechnic samples.
2.0 EXPERIMENTAL
Double distilled deionised water (DDDW) used for preparation of solvent and dilution was obtained from Milipore Simplicity 185 water system.
Apparatus and Chemicals
For IC, standard solution of inorganic anions (F -, Cl -, NO 2 -, SO 4 2-, PO 4 2-) were prepared from 1000 mg/L stock solution respectively from Merck (Germany). Anion standards (NO 3 -, SCN -, ClO 3 -) were prepared from solid analytical grade potassium nitrate, potassium thiocyanate, and potassium chlorate from Merck (Germany). The eluent for anion analysis was prepared using analytical grade sodium bicarbonate and sodium hydrogen carbonate from Merck (Germany). Suppressor was prepared using analytical grade sulfuric acid solution (QRec, Switzerland).
Instrumentation
Ion chromatography used in this study was Metrohm Advanced IC system by Metrohm Ltd (Herisau, Switzerland). The IC system comprised of Methrohm 830 IC interface, 819 IC detector (conductivity detector), 820 column thermostat, 818 IC pump, separation column and Metrosep A SUPP 4/5 guard column. For anionic separation, the column used was Metrosep A SUPP 5, 150 x 4.0 mm with 5 µm particle size, and polyvinyl alcohol with quaternary ammonium groups as column packing material. The flow rate was set at 0.7 mL/min.
Preparation of Standard Solutions
A serial dilution containing mixture of ions (F -, Cl -, NO 2 -, ClO 3 -, NO 3 -, SO 4 2-, PO 4 2-, SCN -) from 1 ppm to 5 ppm was prepared from 1000 ppm anionic standard solutions. Each solution was subjected to sonication, filtered through 0.45 µm disc syringe filter and degassed.
Preparation of Eluent and Suppressor
IC anion eluent comprising of 1.0 mmol/L NaHCO 3 and 3.2 mmol/L Na 2 CO 3 was prepared using 0.17 g of Na 2 CO 3 and 0.04 g of NaHCO 3 (Merck, Germany) and made up to volume with DDDW in a 500 mL volumetric flask. The eluent was sonicated for 15 minutes and filtered with a 0.45 µm pore size, 47 mm diameter Whatman filter paper. Subsequently, the eluent was degassed for 15 minutes before used. 0.1 M sulfuric acid was prepared by dissolving 5.56 mL of sulfuric acid in 1 L volumetric flask with DDDW. The solution was then filtered through a 0.45 µm nylon membrane filter. , SO 4 2-, SCN -) was prepared in serial dilution from 1 ppm to 5 ppm. The standard solutions were injected into IC to obtain the analyte peak areas for the preparation of calibration graph. Limit of detection of each analyte was assessed from signal to noise ratio (S/N) of 3:1.
Calibration Graph and Limits of Detection

Sampling and Sample Extraction
Six different types of pyrotechnic samples (fireworks) were purchased from local shops in Skudai, Johor. The types of firework included Rockets, Aerials, Display Shell, Fountain and Roman Candle. A small amount of pyrotechnic content was taken from each sample before the firework was ignited. The content was prepared as pre-blast sample solution by dissolving 0.1 g in 100 mL DDDW. The solution was sonicated, filtered and degassed.
Sampling process was done at a remote designated place in UTM Skudai which was supervised by a laboratory technician and assisted by peers. The pyrotechnic samples were ignited on a piece of aluminum foil (8 cm x 8 cm). Pyrotechnic residues on the foil were collected by swabbing with a wet cotton butt. The cotton was then dipped into 10 mL DDDW filled screw-cap bottle. The solution was sonicated, filtered and degassed as well.
3.0 RESULTS AND DISCUSSION
Separation of Standard Anions
A solution containing mixture of eight anions were successfully separated using Metrosep A SUPP 5 column. The earliest peak was attributed to F -, followed by Cl 
Calibration, Detection Limits and Repeatability
Calibration graph of standard anions is shown in Figure 2 . All anions showed good linearity (r 2 >0.95). LOD of standard anions range from 4.8 to 21.0 µg/L as listed in Table 1 . The relative standard deviations for within-day retention time is less than 0.83% while for day-to-day is less than 2.36% as listed in Table  2 . 
Profile of Pyrotechnic Samples
The firework samples obtained were manufactured mainly from China. Most of the samples were not labeled with the address of the manufacturer. The samples were all classified by US Department of Transportation under Class 1.4G which indicated as minor explosion confined to package (pyrotechnic). The types of fireworks were named by their effect when ignited. In this study, only 6 types of firework were selected. The details of the samples are shown in Table 3 . These details are useful in tracing the source of the samples especially during post-blast investigation. 
Ratio of Anions in Pre-blast and Post-blast Samples
The chemical constituent of each types of firework is very much different from each other. Most of the pyrotechnic samples used nitrate and chlorate as oxidizer. The critical changes of anions ratio was observed between pre-blast and post-blast sample. As shown in Table 4 
Besides that, increase of chloride is also observed in some of the samples. Increased in chloride suggests the end product of chlorate after chemical reduction 8 . The concentration of oxidizer in samples is also determined by the type and size of the fireworks. Higher concentration of oxidizer can be found in display shell and fountain type fireworks. These fireworks are made larger in size in order to burn a longer period of time in order to produce its effect. IC chromatogram of pre and post blast sample gave a unique profile as shown in Figure 3 . These IC profiles can ultimately be used to reveal the identity of the exact type of explosive in a sample 10 .
(a) (b) Pre-blast samples were diluted 100X before injected into IC. Post-blast samples were taken from 10 mL aliquot of sample residues .0 ppb were achieved. Chemical anionic constituents of the fireworks were found to differ from each other. However, they were found to be common in nitrate and chlorate as oxidizer. Ratio of oxidizer was also found to be much higher than other anions. Post-blast samples showed drastic reduction in oxidizer concentration. The results obtained in this study will hopefully serve as a reference for RMP during cases involving pyrotechnic explosives.
